PTEN, a negative regulator of the phosphatidylinositol-3-kinase/AKT pathway, is an important modulator of insulin signaling. To determine the metabolic function of pancreatic Pten, we generated pancreas-specific Pten knockout (PPKO) mice. PPKO mice had enlarged pancreas and elevated proliferation of acinar cells. They also exhibited hypoglycemia, hypoinsulinemia, and altered amino metabolism. Notably, PPKO mice showed delayed onset of streptozotocin (STZ)-induced diabetes and sex-biased resistance to high-fat-diet (HFD)-induced diabetes. To investigate the mechanism for the resistance to HFD-induced hyperglycemia in PPKO mice, we evaluated AKT phosphorylation in major insulin-responsive tissues: the liver, muscle, and fat. We found that Pten loss in the pancreas causes the elevation of AKT signaling in the liver. The phosphorylation of AKT and its downstream substrate GSK3b was increased in the liver of PPKO mice, while PTEN level was decreased without detectable excision of Pten allele in the liver of PPKO mice. Proteomics analysis revealed dramatically decreased level of 78-kDa glucose-regulated protein (GRP78) in the liver of PPKO mice, which may also contribute to the lower blood glucose level of PPKO mice fed with HFD. Together, our findings reveal a novel response in the liver to pancreatic defect in metabolic regulation, adding a new dimension to understanding diabetes resistance.
Introduction
Glucose homeostasis is tightly controlled by peripheral tissue sensitivity to insulin and insulin secretion. Impaired action and/or secretion of insulin cause diabetes [1] [2] [3] . PTEN (phosphatase and tensin homolog deleted on chromosome 10), originally discovered as a tumor suppressor [4, 5] , was increasingly found to be impor-tant in insulin signaling [6] . PTEN antagonizes the PI3K (phosphatidylinositol-3-kinase)-mediated signaling pathway by dephosphorylating PIP3 (phosphatidylinositol-3,4,5-trisphosphate), an important secondary messenger responsive to insulin and insulin-like growth factor 1 (IGF-1) signaling [7] [8] [9] . Pten deficiency leads to accumulation of PIP3 and elevated activation of AKT [10] . AKT signaling plays an important role in glucose metabolism, protein synthesis, and adipogenesis [11] [12] [13] .
Tissue-specific Pten knockout (PPKO) mouse models have shown that Pten has diverse biological roles depending on tissue types [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . In major insulin target organs, principally the liver, muscle, and fat, Pten deficiency affects glucose metabolism and results in resistance to diabetes, suggesting that PTEN plays an important role in insulin action [19] [20] [21] [22] . In the pancreas, PPKO led to age-dependent (arising in 2-3-month-old) ductal malignancy arising from the expansion of centroacinar cells [23] . b-cell-specific Pten deletion resulted in increased islet mass, enhanced b-cell survival, and altered glucose metabolism [24, 25] . While both pancreatic endocrine and exocrine dysfunctions were reported to be correlated with malnutrition and diabetes [26, 27] , the physiological role of pancreatic Pten in metabolism in vivo has not yet been fully elucidated.
To examine the role of pancreatic Pten in glucose homeostasis, we used a Pdx1 (pancreatic and duodenal homeobox gene 1) promoter-controlled Cre/loxP system to establish a complete pancreas-specific deletion of Pten. Pdx1 is an essential transcription factor during pancreatic development [28, 29] and Pdx1-expressing cells can give rise to all three lineages of the pancreas (ducts, acini, and islets) [30] . In this study, we demonstrated that the pancreas-specific PPKO mice displayed increased acinar cell proliferation, and altered glucose and amino metabolism. Notably, we found that PPKO mice exhibited delayed onset of streptozotocin (STZ)-induced diabetes and sex-biased resistance to high-fat-diet (HFD)-induced diabetes. We further found elevated AKT signaling and decreased 78-kDa glucose-regulated protein (GRP78) level in the liver of PPKO mice. Both events may contribute to the resistance to HFD-induced hyperglycemia in PPKO mice.
Results

Generation of pancreas-specific PPKO mice
To 
C o n t r o l ( P ) C o n t r o l ( L ) M npg pancreatic islets, pancreatic sections from adult Pdx1-Cre mice showed co-staining of PDX1 and CRE in islets, while wild-type mice exhibited no CRE staining ( Figure 1A ). At the same time, liver sections from both PPKO and control mice exhibited no positive PDX1 and CRE staining (data not shown). Second, we assessed CRE activity by crossing ROSA26 reporter mice (B6; 129-Gt(ROSA)26Sor tm1Sho /J) with the Pdx1-Cre mice. As reported previously [30] , expression of lacZ was observed in all pancreatic lineages of adult mice ( Figure  1B) . Third, we showed PTEN co-localized with PDX1 in the islets of adult control mice, while it was lost in PPKO mice ( Figure 1C ). Fourth, we conducted PCR analysis of tissue-specific genomic DNA in adult mice. Pten deletion, as indicated by excision of the Pten locus (exons 4 and 5), was specifically found in the pancreas of PPKO mice ( Figure 1D ). Samples from control mice and the liver, skeleton muscle, fat, heart, lung, kidney, spleen, and tail of PPKO mice exhibited no excision of the Pten locus ( Figure 1D ). Fifth, we monitored Pten allele by Southern blot [15] . In PPKO mice, a 2.3-kb Pten deletion allele was found in the pancreas, while only the 6.0-kb Pten floxed allele was detected in the liver ( Figure 1E ). In control mice, both the pancreas and liver exhibited the 2.0-kb Pten wild-type allele. Finally, we used western blot to determine PTEN protein levels in the pancreas. A residual amount of PTEN was observed in the pancreas of PPKO mice ( Figure 1F ), which might come from the slight contamination by non-pancreatic cells. We further examined AKT in the pancreas: the level of phospho-AKT (p-AKT) was increased in PPKO mice, while the level of total AKT protein was unaltered relative to control samples ( Figure 1F ).
Enlarged pancreas and increased acinar cell proliferation in PPKO mice
We found that one-month-old PPKO mice exhibited normal body weight but a heavier pancreas (Supplementary information, Figure S1A ). The weight ratio of pancreas to the total body increased markedly in PPKO mice compared with controls (Supplementary information, Figure S1A ). As shown in Supplementary information, Figure S1B , we observed an increase in islet density and islet mass in PPKO mice. However, these results were not statistically significant. A markedly increased proliferation of acinar cells in PPKO mice was found using bromodeoxyuridine (BrdU) pulse labeling (Supplementary information, Figure S1C and S1D), while a trend toward increased proliferation of b-cells in PPKO mice was also noticed. Due to the low level of b-cell proliferation under static conditions, the difference in b-cell proliferation between PPKO and control mice was not statistically significant [31] . In addition, we found 6 out of 12 six-month-old PPKO mice showed a cystic presence of the pancreas, which exhibited extensive ductar complexes (Supplementary information, Figure S2 ).
Altered glucose and amino metabolism in PPKO mice
We examined the levels of various biochemical parameters in one-month-old PPKO and control mice ( Table  1) . Levels of fast blood glucose and fed serum insulin in PPKO mice were lower than those in the controls, while The number of one-month-old mice in each test was shown after each data in (n). Data are presented as means ± SEM. *P < 0.05; **P < 0.01.
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npg the levels of fed blood glucose and fast serum insulin were maintained relatively normal in PPKO mice. The pancreatic insulin contents in one-month-old PPKO and controls were similar. The fast hepatic PEPCK activity was decreased in one-month-old PPKO mice compared with controls. Serum amylase, which is secreted by acinar cells, increased dramatically in the PPKO mice. We also examined amino metabolism-related indexes, and found blood urea nitrogen (BUN) increased markedly in PPKO mice, while blood ammonia did not change much; alanine aminotransferase (ALT) decreased in the PPKO mice, while aspartate aminotransferase (AST) remained normal. Serum albumin, triglyceride (TG), and cholesterol (CHO) in PPKO mice remained similar to controls (Table 1 ). In order to evaluate the insulin sensitivity of the PPKO and control mice, we performed glucose tolerance test (GTT) and insulin tolerance test (ITT). In GTT, one-month-old PPKO mice demonstrated significantly lower levels of peak blood glucose at 15 min (by 27%, P < 0.05) and the blood glucose levels returned to the same level at 120 min in both PPKO and control groups (Supplementary information, Figure S3A ). The increased glucose clearance in GTT also occurred in four-monthold groups of PPKO mice (Supplementary information, Figure S3B ), but was not as observable as in one-monthold mice groups. These results suggest that the PPKO mice had an increased ability to dispose of the injected glucose. PPKO mice, both one-month and four-months old, exhibited nearly normal insulin sensitivity in ITT (Supplementary information, Figure S3C and S3D).
Delayed onset of STZ-induced diabetes in PPKO mice
To determine the pathophysiological significance of the Pten in the pancreas, we treated PPKO and control mice with low doses of STZ. As shown in Figure 2A , control mice showed elevated blood glucose after STZ injection and maintained a hyperglycemic state (> 12.7 mM) from days 5 to 24 before being killed (31.7 ± 2 mM). In contrast, PPKO mice treated with STZ exhibited dramatically lower glucose levels during the first 3 days post-injection, similar to vehicle-injected control mice. From day 4 to day 6, PPKO mice injected with STZ Figure 2 Partial resistance to STZ-and HFD-induced hyperglycemia in PPKO mice. (A) Multiple low-dose STZ was injected into 1-month-old PPKO and control mice; citrate buffer (Buf) was injected as control. Each group n = 9 (5 male and 4 female), a total of four groups. Blood glucose levels were measured before the first injection (day 0) and after the final injection for 24 days (day 1 to day 24). (B-E) PPKO mice and controls, 1-month old, were fed with HFD for 17 weeks, or fed normal chow as control. The body weight and blood glucose, measured once a week, were plotted against weeks on the diet. Male mice: each group n = 9, a total of four groups. Female mice: each group n = 8, a total of four groups. Both male (B) and female (C) mice had steady increase of body weight fed with HFD. (D) Blood glucose was increased in male control mice fed with HFD, while it was maintained in male PPKO mice fed with HFD. (E) Normal blood glucose in female PPKO and control mice fed with HFD. *P < 0.05; **P < 0.01. exhibited rapidly increased glucose levels. From day 15 on, PPKO mice showed hyperglycemia similar to control mice receiving STZ injection (30.9 ± 3 mM). Therefore, PPKO mice showed delayed onset of low-dose STZinduced diabetes.
Resistance to HFD-induced hyperglycemia in PPKO mice
To further investigate whether pancreatic Pten deficiency prevented type 2 diabetes, we fed PPKO and control mice with HFD. A sexual bias of HFD-induced diabetes was observed. During the 17 weeks on HFD, both PPKO and control mice exhibited increased body weight ( Figure 2B and 2C) . Male control mice exhibited increased blood glucose levels and began to show hyperglycemia after 7 weeks on HFD ( Figure 2D ). At the same time, male PPKO mice fed with HFD maintained normal blood glucose levels similar to those of mice fed with regular diet ( Figure 2D ). From 11 weeks onward, male control mice fed with HFD had dramatically higher blood glucose levels than those of PPKO mice ( Figure  2D ). Thus, male PPKO mice were resistant to HFDinduced hyperglycemia. We found female mice did not develop hyperglycemia during HFD test (Figure 2E ), despite being overtly obese ( Figure 2C ).
Increased AKT phosphorylation in the liver of PPKO mice
As the resistance to HFD-induced hyperglycemia could be caused by changes in peripheral insulin signaling, we analyzed levels of phosphorylated AKT in the major insulin-responsive organs (liver, fat, and muscle) by western blot. In the fat and muscle, p-AKT levels in PPKO mice were indistinguishable from those in controls; however, in the liver, p-AKT level was markedly increased in PPKO mice compared with controls ( Figure  3A) . We further demonstrated that the level of phosphoGSK3b (p-GSK3b), a major downstream target of AKT, was increased in the liver of PPKO mice, while the total protein levels of AKT and GSK3b remained unchanged ( Figure 3B ).
We found that the level of PTEN in the liver of PPKO mice was approximately half of that in control and Ptenflox/flox Cre -mice ( Figure 3A ). To rule out the possibility that the Pten alleles may be excised in the liver of PPKO mice and this non-specific Pten deletion is responsible for the increase of p-AKT levels, we used genome PCR and Southern blot to monitor the Pten alleles ( Figure 1D and 1E). These analyses confirmed that Pten deletion occurred only in the pancreas of PPKO mice and was undetectable in the liver of PPKO mice.
In order to find factors affecting Pten expression in the liver of PPKO mice, we used quantitative RT-PCR to check the mRNA levels of p53, c-Jun, Egr1, and RelA, which encode proteins reported directly regulating Pten expression [32] [33] [34] [35] . We found the mRNA level of RelA was markedly increased in the liver of PPKO mice, while the level of Pten was decreased ( Figure 3C ). At the same time, the mRNA levels of p53, c-Jun, and Egr1 showed no difference between PPKO and control mice (data not shown).
Proteomics analysis of the liver
To identify additional changes in the liver of PPKO mice, we conducted a proteomics analysis comparing the hepatic proteins from six PPKO and control mice ( Figure 4A ). We found six major differentially expressed proteins ( Figure 4B ), and the differences were further confirmed by western blot analysis ( Figure 4C ). These six identified proteins could be divided into two groups according to their reported functions. The first group includes the GRP78, nuclear transcription factor Y subunit gamma (NFYC), and eukaryotic translation initia- npg tion factor 3 subunit 2 (eIF3b). GRP78, an endoplasmic reticulum (ER) chaperone [36] , showed decreased levels in the liver of PPKO mice compared with controls. NFYC is a subunit of NFY, which is a CCAATbinding transcription factor and has been reported to be required for Grp78 expression through interaction with CCAAT motif in the Grp78 promoter [37] . NFYC had an increased level in the liver of PPKO mice. eIF3b, an important factor recruited to ER-bound ribosome for translation initiation [38] , showed decreased levels in the liver of PPKO mice. The second group consists of three mitochondrial proteins: carbamoyl phosphate synthase (CPS), dehydrogenase/reductase SDR (short-chain dehydrogenases/reductases) family member 1 (DHRS1), and mitochondrial fission 1 protein (FIS1). CPS and DHRS1, both important in the urea cycle [39] , showed increased levels in the liver of PPKO mice, while FIS1, functional in mitochondrial fission and apoptosis [40] , displayed a modestly decreased level in PPKO mice.
Discussion
In this study, we demonstrated that PPKO mice had hypoglycemia, hypoinsulinemia, and partial resistance to induced diabetes. Our results also revealed an unsuspected increase of hepatic AKT signaling and decrease of hepatic GRP78 level in response to pancreatic Pten deficiency. These intriguing changes in the liver may be important for the resistance to HFD-induced hyperglycemia in PPKO mice.
In the present study, we found pancreatic Pten deletion results in elevated hepatic AKT signaling. Both AKT and GSK3b, a major downstream effector of AKT, showed increased phosphorylation in the liver of PPKO mice ( Figure 3A) . Pten expression was decreased ( Figure 3A ) and the possible deletion of Pten in the liver of PPKO mice was excluded by genomic PCR and Southern blot analysis ( Figure 1D and 1E) . A previous study reported that adipose-specific PPKO also led to increased PI3K/ AKT signaling in the liver [21] . Moreover, hepatic PI3K activity was reported to be responsive to either adiposespecific Glut4 deletion [41] or muscle-specific uncoupling protein 3 (Ucp3) overexpression [42] . Our findings, together with these previous observations, implied that hepatic PI3K/AKT signaling was sensitive to metabolic changes in other insulin function-related tissues: fat, muscle, and pancreas.
What is the major signal leading to decreased hepatic PTEN and increased hepatic AKT signaling in PPKO mice? The increased mRNA level of RelA ( Figure 3C ) may associate with the down-regulation of Pten in the liver of PPKO mice, since RelA was reported to bind to the promoter of Pten and suppress Pten expression [34] . On the other hand, PPKO mice had low serum insulin (Table 1) . Chronic hypoinsulinemia has been reported to affect insulin actions in the liver [43] , which possibly contributes to the increased hepatic AKT signaling in PPKO mice. Further studies are required to identify molecules that mediate the induction of decreased hepatic PTEN and increased hepatic AKT signaling in PPKO mice.
Our results reveal that PPKO mice were resistant to HFD-induced hyperglycemia ( Figure 2D ). One possible mechanism for the resistance could be increased hepatic AKT signaling. Previous studies reported that hepatic overexpression of AKT induced lower blood glucose [44] and inhibition of PTEN expression in liver and muscle could reverse hyperglycemia in diabetic mice [6] . Specific GSK-3 inhibitor treatment was reported to lower hyperglycemia in diabetic rats by increasing liver glycogen synthesis [45] . In addition, we found decreased level of GRP78, an ER stress-responsive protein [36] , in the liver of PPKO mice ( Figure 4C ). ER stress-responsive proteins were reported to show increased expression in the liver of diabetic mice [46] and reducing ER stress in the liver could restore glucose homeostasis in diabetic mice [47] . Together, both elevated AKT signaling and decreased GRP78 level in the liver of PPKO mice may contribute to the resistance to HFD-induced hyperglycemia.
On the other hand, our results demonstrated that PPKO mice had altered amino metabolism. Dramatic increased level of CPS ( Figure 4C ), a critical enzyme in the urea cycle, in the liver was consistent with increased blood urea levels in PPKO mice (Table 1) . This increased BUN could be partly due to increased serum amylase in PPKO mice, since increased serum amylase was reported to be associated with increased nitrogen loss [48] .
Altogether, we have found novel responses of the liver to pancreatic PPKO: elevated AKT signaling, decreased GRP78, and increased CPS. Further investigation of the molecular basis for the responses in PPKO mice may bring new insight for understanding the cross-talk between the pancreas and the liver.
Materials and Methods
Animals Pten
flox/flox mice with exons 4 and 5 of Pten flanked by loxP sites, kindly offered by Dr Tak Wah Mak [15] , were mated to Pdx1-Cre transgenic mice (C57/B6), in which Cre was expressed under the control of Pdx1 promoter. The Pdx1-Cre plasmid was a kind gift from Dr Guoqiang Gu [30] . B6; 129-Gt(ROSA)26Sor tm1Sho /J mice were kindly offered by the Model Animal Research Center of Nanjing University. All mice were housed in pathogen-free facilities on a 12-h light-dark cycle. All animal-handling procedures were in compliance with the standards established by the Animal Care and Ethics Committee of Peking University.
PCR analysis
Genomic DNA from tissues was isolated and amplified by PCR as described. Primers used for the floxed Pten (335 bp) and wildtype Pten (228 bp): 5′-CTC CTC TAC TCC ATT CTT CCC-3′ and 5′-ACT CCC ACC AAT GAA CAA AC-3′; primers for deleted Pten (849 bp): 5′-GTC ACC AGG ATG CTT CTG AC-3′ and 5′-ACT ATT GAA CAG AAT CAA CCC-3′; primers for Cre (480 bp): 5′-GCC TGC ATT ACC GGT CGA TGC-3′ and 5′-CAG GGT GTT ATA AGC AAT CCC-3′.
Quantitative RT-PCR
RNA was extracted from liver using RNeasy Micro kit (Qiagen). Equivalent amounts of cDNA samples were derived from 50 ng of DNase-digested total RNA using Omniscript RT Kit (Qiagen). Quantitative PCR analysis was performed on ABI PRISM 7300 Sequence Detection System using the SYBR Green PCR Master Mix (TOYOBO). The threshold cycle values were determined using the AUTOANALYSE features of Sequence Detection System software. Quantitative PCR was performed in duplicate for each sample, and three independent experiments were carried out. The relative RNA level of each gene was normalized against b-actin. 
Western blot analysis
Tissue samples were homogenized using PRO-PREP Protein Extraction Solution (iNtRON Biotechnology, Korea). Seventy micrograms of protein was loaded on SDS-10% polyacrylamide gel electrophoresis (PAGE) gel. Blots were probed with antibodies that recognized PTEN, AKT, p-AKT (Ser473), GSK3b (27C10), and phospho-GSK3b (Ser9) from Cell Signaling Technology. Antibody to CPS was from Santa Cruz Biotechnology, to FIS1 was from MBL, to GRP78 was from Calbiochem, and to NFYC was from Protein Tech Group, Inc. The same membranes were probed with anti-GAPDH or anti-ACTIN from Santa Cruz Biotechnology as loading controls. Signal densities of western blot were analyzed using Image-Pro Plus software.
Southern blot analysis
Genomic DNA was extracted from the pancreas and the liver. Ten micrograms of DNA was digested with HindIII and separated by electrophoresis in 1% agarose gel. DNA was transferred to Nylon membrane and Pten alleles were detected using 604 bp probe. Primers for the probe: 5′-GCT CCA TTG GGC TGT AGT TT-3′ and 5′-CAT CCT GGT GAC TCC AAC TA-3′. The probe was labeled with digoxigenin and detected using a DIG Nucleic Acid Detection Kit (Roche).
Histochemistry
LacZ expression was visualized on 5-mm-thick pancreatic cryosections by 5-bromo-4-chloro-3-indolyl b-D-galactoside (X-Gal) (Promega) staining overnight at 37 ºC. Immunofluorescence staining was performed using 5-mm-thick pancreatic cryosections. Primary antibodies (rabbit anti-INSULIN, rabbit anti-glucagon, and mouse anti-BrdU) were obtained from Santa Cruz Biotechnology. Rabbit anti-AMYLASE was from Sigma, rabbit anti-cytokeratin (pan) was from Zymed and rabbit anti-CRE was from Novagen. Antibodies recognized PDX1 were kindly offered by Dr C Wright. The secondary antibodies were TRITC-conjugated donkey antirabbit IgG, FITC-conjugated donkey anti-goat IgG, and FITCconjugated donkey anti-mouse IgG (Jackson Immunoresearch). Nuclei were detected by DAPI (Sigma) staining.
Determination of islet cell mass and cell proliferation
Pancreatic slides 120 mm apart from 1-month-old PPKO or control mice were counted. Stained pancreatic sections (5 mm thick) were analyzed using Image-Pro Plus software. Islet area was determined from at least 1 000 islets (more than five insulin positive cells). Islet mass was calculated by multiplying pancreas weight by the percentage of islet area in pancreatic section area. Islet density was determined by dividing the number of islet by pancreatic section area. Cell proliferation was evaluated using BrdU pulse labeling. One-month-old PPKO and control mice were i.p. injected with BrdU (100 mg/kg of body weight) and killed 1 h later. 
Biochemical analysis
Blood samples from animals were collected between 9 a.m. and 10 a.m.. Glucose levels were assessed using a glucometer (GLUCOTrend 2, Roche). Serum insulin concentrations were assayed using Rat/Mouse Insulin ELISA Kit (LINCO). One-month-old mice were fasted overnight before following biochemical analysis. Pancreatic insulin content was determined after extracted pancreas by cold acid-ethanol and normalized for pancreas weight. Serum amylase was measured using VITRφS system chemistry 950. Serum levels of albumin, TG, CHO, and BUN were determined by colorimetric enzymatic assays following the manufacturers' protocols (Biosino Biotechnology Company Ltd, China and Beckman Coulter). Blood ammonia was measured using DRI-CHEM100.
Hepatic PEPCK assay
PEPCK activity was determined by the decarboxylation assay described by Jomain-Baum and Schramm [49] . Liver from overnight fasted mice was homogenized in the buffer (10 mmol/l HEPES and 0.25 mol/l sucrose, pH 7.4). The homogenate was centrifuged at 12 000 rpm for 15 min at 4 ºC and the supernatant was used to assay for PEPCK activity. The 20-ml-homogenate-added 1 ml action buffer (50 mmol/l Tris pH 8.0, 0.75 mmol/l MnCl 2 , 1 mmol/l NAD+, 6 U malate dehydrogenase, 1 mmol/l GTP) was incubated at 37 ºC for 5 min. The reaction was initiated by adding 10 mmol/l malate, and the formation of NADH was monitored by absorbance at 340 nm for 5 min. PEPCK activities were expressed as nmol/min NADH formation per microgram cytosol protein. The protein concentration (g/ml) in cytosol preparations was determined using BCA protein assay kit (PIERCE).
GTTs and ITTs
For GTTs, mice were fasted overnight for 14-16 h followed by i.p. injection of 20% glucose (2 g/kg of body weight). Blood glucose levels were determined at 0, 15, 30, 60, 90, and 120 min after injection. For ITTs, mice were fasted for 4-5 h, followed by i.p. injection of recombinant human insulin (Humulin R, Lilly, China, 1 U/kg of body weight). Blood glucose levels were determined at 0, 15, 30, 45, and 60 min after injection.
STZ experiment
One-month-old PPKO mice and controls after 4 h fast were i.p. injected with STZ (50 mg/kg of body weight) in citrate buffer (Sigma) or an equivalent volume of citrate buffer daily for consecutive 5 days. Blood glucose levels were measured before the first injection and after the final injection between 9 a.m. and 10 a.m..
HFD experiment
One-month old PPKO mice and controls were fed HFD (35.5% fat) (#F3282, Bio-Serve, Frenchtown, NJ) or normal diet as control for 17 weeks. Body weight and blood glucose levels were measured weekly between 9 a.m. and 10 a.m..
Proteomics study
Livers from six PPKO mice and six controls, 1-month old, were stored at -80 ºC before being sent to the Research Center for Proteome Analysis (RCPA) (http://www.proteomics.ac.cn/). Protein samples were separated by two-dimensional (2D)-PAGE npg and visualized using silver staining. The stained gels were scanned using a Bio-Rad GS710 scanner and analyzed using Image Master. Differential expressed protein spots were cut from gels and subjected to digestion and ESI Mass Spectrometry. By searching the IPI mouse protein library, the differentially expressed proteins were identified.
Statistical analysis
All values are expressed as mean ± standard error of the mean. Differences were analyzed using the two-tailed unpaired Student's t-test and P ≤ 0.05 considered statistically significant.
